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Abstract

Prototype cables for 7.5-T, pu.sed field

application in tokamak poloidal field coils have becn

designed, fabricated, and evaluated, Successful

fabrication of a 10 m superconducting sample represents
the largest superconducting cable ~ver made. Details
of the fabrication, the problems expected and
encountered, and the solutions to those problems are
discussad. Results of stability measurements on thz
superconducting prototype also are presented.

Introduction

High current superconducting cables will be
required for the central solenoid and equilibrium field
coils of future tokamak reactors. Present designs
require currents of at leagt 50 kA in fields as high as
8 T and in addition, the a ty *o pgupport current
changes of up to 20 [ vwithout performance
degradation. A program to develop & cable to mect
these requirements was established at the Los Alamos
National Laboratory asr a part of a more comprehensive
progranm to desipn, develop, and test a central molenoid
20 MJ, prototyje cofl. The col]l was to have a wmaximum

fleld of 7.5 T and he capble of a complete fileld
reversal in 2 v, West!'-ghouse (W) was under contract
to Los Alamos to design and build the cofl.

Corporation (1cc) waB a
derign phare and wvan
The deslipn

Irtermagnetics  General
subcontractor to W during the
responsible for conductor and cable design.

TARBLE 1

STRAND DESCRIPTION

Radiun 1.07 mm
CuNlL . Cu:NbTI 0.7:5.2:1
Nunbey of NWTi{ Fillamentr 1150
Filament Diamecter 22.1 um
SURCANLE DESCRIPTION
Conf fgurat fon 6 ntiandn around core
Subcahle Diameter 0.6 ¢m
Pltch Length h.b) em

Corte Strand Material Copprr Nickel

CARNLE DELCRIPTION

Dimenwfonn 1,982 cmo» 12,400 ¢m
Number of Subi.llew o
Mandrel Material Nitranice 40
Mandiel DMmennfane 0.211 em = 11 164 cm
Caninaulated)

Piteh Angl- "
Operat ing Garrent %0 kA
l"p/lr mal Ay R, I T 0.71
L]

Supported by the 1.5, Dept. of Encigy.

Mannsen ipt 1ecelved November 0 1982,

e ———————————————

12084

IGC was subsequently
cable.
been

parameters are listed in Table I.
under contract to Los Alamos to fabricate the

Details of the coil and cable design have
discussed elsewnerc,! 2 '

The cryostable, 50 kA cable required for the coil
is significantly larger than any superconducting cable
designed or built to this time. Two prototype cables
were fabricated by IGC under contract to Los Alamos.
The first prototype was 20 m long, 10 w of dummy copper
strands, and 10 m of cab'= with superconducting strands
(Fig. 1). The second prototype was about 120 m of
cable with copper strands. The 740 m of actual cable
for the 20 MJ coil was not fabricated. The program was
canceled prematurely due to changes in technical
priorities in fusion development.

cables for pulsed
The first 50 kA cable

Previous work on high current
coil appiications has heer done.

was built for Los / M.gnctice Corporation of
America at New ectric Wire. Ten meters of
superconducting ¢ fabricated as a very
preliminary atten, :negs basic wmanufacturing
ability and the meveril problems to be faced. The

effort successfully supporred the fundamental design of

a flat cable of subcables ar>und a center &trap.
Results of this work have been presented.? The
Japanese have derigned two 50 kA cables as a part of

tokamak pcloidnl field program but have not yert
ables."

their
fabricated or tested any prototype 50 kA

The manuf acturing experience and problems
arsociated with building the cable are discussed here.
The discuskion indicates tle difficulty of the joh to
be done, the nignificant accomplishments achieved, and
the need f{or further development., Resultn of
pecformance testn on Lhe prototype cable are presented.
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Fig. 1. TMototype 50 kA nupetvonduct ing cable.
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Development

Cabling of superconducting strands as a means of

achieving increased current carrying capability while
at the smane time providing improved stability and
reduced loases 18 standard practice. Fabricating a

50 kA cable, one approximacely ten timea larger than
any previously manufactured, is not standard practice
and required an assessment of new and unique problems
that might be encountered. The assessment led to
general and apecific concerns. The general concerns
wvere:

1. Was there equipment capable of making large, flat
cab.e, not a standard product in the wire and cable
indunrtry?

2. 1f so, would the equipment be capable of handling a
cable of thia size?

3. 1If such equipment existed, would it bhe available
for use?

4., VWould the cabie be mechanically stable; could {t be
handled?

5. Was the design viable from a performance acnne?

The specific coucernn were:

1. The relative twist direction of the
final cable,

2. The pitch length.

7. TInnulation abrasion

4, Subcably» rrcssovers.

5. Applylng and protecting Insulation on the mandrel.

6. Inhercnt twiat of cabhle.

7. Cutting the cable and changing take-up epools.

8. Correet suhcable compaction and {ts meapurement.

9. Other anforescen probhlems,

subcabler and

To uovelop the tecknology and expertise to resolve
the potential problemn lsted regqulired fabricating one
or more prototype cables. Phase one was to [abrleate a
relatively short, 20 ro 2% m, prototype rahle, half of
which would be made of dummy copper atrands and halt of
superconduct Ing ntrandn.  Four goals were entablished,

1. To evaluate the guftabllity of the cabling
equipment,

7. To learn how to operste che toollng and to evaluate
ttuw flexibility and aultabllity (Fig. 2).

Y. Tou ldentity which wpecifle  problems  occucred  and
aeanured required to correct them.

4. To une the puperconduct ing portlon for performance
ovaluntim of ertt! al current and swtabllity.

The cabling wan to bhe done on a planetary cabler at a

subhcontractor 1o IGE, The machine was  capable of

handling 6 suhecablen and the quantity of naterial

far the cable Tor the 2) M) coll.

requlred The cabler

Cable formnt fon tonling showlp
). ring putde(?) (later
pIn(Y), and rollern(a),

nplder
reaonved),

gufde
rore

was normally used as an armoring aachine for high
voltage transmission lines, The tooling wae designed

and installed and operated by IGC.

First Prototype Cable

Ten meters of dummy cable and 10 M of seupercon-
ducting cable wer: succesafully fabricated. The
viability of the cable design and the egsent il
performance of the equipment and toollng were
demonstrated. Numerous apecific problems, hodJever,
were encountered, including subcable -~rossovers,
abrasion, cable twisting, pitch length, cowpaction, and
overall handling. Problems not addressed included
mandrel taping, cable cutiing, cable protection, and
twist handedness.

The major pvoblem was 8subcablc crossovers. To
correct the problem, an external guide that tightly
surrounded the cable war added during the run at rhe
formation point hetween the core pin and the rollers
(Fig. 1). Subsequently, no Crossovers occurred;
however, the tendency to do so persisted. Abrasfon of
the mandrel and atrand f{nsulations occurred, causcd by
worn guide dies in the cabler and ty the vtocling,
because of {nadequate adjustment capability. Twiating
of the flual cable was probably due to [(ncorrect
subcable pitch length. Initially the pitch length was
set for B6 cm, which proved too long. This was
ahorLtened to 63 em, closer to 56 ecm, which had been
calculated. Compaction, like all of these imsuen, wag
approached cmpirically, The assumption was made that
maximum compaction within the conatrain® of ne loss of
atrand or maudrel (insulation Integrity was optimal.
Visunl [neApection and renletance checks made after
completlon of the c¢able {ndicated that the amounv of

compaction cnuned cut—-through of the mandrel
fnaulation. The cahle  wnas wrapped with heavy,
nonadhesive tape and banded only about every meter,

which wan somewhat loowe.
(~ 23 lba/m), made
difflcult.

Thir, slong with {te welight
handling without detriment very

The first protobype war fundamentall;, asuccesnful,
am Ktated, In that {t provided a length of  supercon-
ducting eable to be terted, but 1 alwo exposed many
problems and gave {nwight {nto tle requiremeats Lo
resolve  them, Teuting of methods to resolve thene
problems and other problems not addresned regquired that
A mecond prototype cable he fabricated.
bl ca UL oo T TR

AW ‘. o
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Fig. 7.

Externnl gufde at cable format {on point.



Second Prototype Cable

The materials used for cable

wvere:

Mandrel - 304 stainless steel, full asofct, 1/2 round
dges, 11.143 em wide x 0.211 cwm thick.

Mandrel Insulaticn Tape - A polyester fiber, polyester
ma* with trotal thickness including adhesive
of 0.019 ecm and 5 cm wide.

Subcable Core - CuNi, 80/20 alloy, 0.216 cm dia., hard
drawn, insvlated with 0.025 mm thick GP-200
insulation (polyester-poly.mide-imide).

Dummy Supert nductor - Copper, ETP, 0.2046 cm dia., hard
drawn, [Insulated with 0.015 mm thick GP-200
insulation,

Cable Overwvrap Tape = 7.6 cm wide, 0.28 cm thick glass
mesh coated with glass mat and {ilm to make
glars non-{rritating.

manufacturing the

The gencral map of the cable wan:

Footage beseription
0 to 111 Mandrel leader only

= ro atta.n to capsatan
It - 14?7 Cable startup

142 - 200 Average cable dimenslons -

1.613 cm x 12.250 cm, plteh 20.5°
Dimensgions changed to

1.65]1 cm x 12.390 cm

Piteh changed to 249°

200 = 1394
194 to 477

The specific objectives of n second cable were

def ined an follows,

1. To feabricate a slpnificantly longer cable to
provide for adequate variation of parameters and to
aspure o new problems
Tun.

7« To evaluate rebuflt cable tormatfon toolfing.

Yo To evaluate reverie handedness botween subeabhle and
final cable In terms of  cable formatfion and
Integrity.,

he To eatabllnh  the mandrel
evaluate a new mandred tape.

be  To evaluate overwrapping the Linal cable with paper
tape  hoth 1o
Inteprity,

6. To edtend evaluat ton of plich angle and compaction.

I. To ecvaluate effeet of uanifaorm nubeahle tennfonfag
ned level ot tenufon on eable quallty.

arlsalng over an extended

taping  operation  and

protect {1t amd mafntaln vable

Inherent  over  the
The nhoe

The anly problems that  were
complete run were related to the capatan,
that putded the cable on the cavktan wan  not  denigoed
to handle  [hat eablea,  The overwrap teaded to cateh
and tear, and the cable teaded to ellmb over ltnelf
from turn te The nlive could be correctoed; the
vverlap requfre vonntant handu-on
attent fon,

turn,
probhlem nny

The core  pln,  outer guide, and rollern were all
mod it led after the Tlent prototype  eable, The  edge
rollern wiere made ad fJuntable,  which offcetively
controlled  edpe compaction and  elimlonted mindrel
fanulat ton damapge.  Core pin modif Leat fonn wore made to
reduce the ponnibltlity of mubcable  crossovuer . They
were not oltmionted, but  evaluation of the run
voncladed that ot her facvorn, dincunned later, were of
Rroeater nignif icance, Except for the oceanlonal
cromover, the toosling performed excellently.,

The peoverpe o the twint directton from the
nubcablen (Ieft hand) to the f1nal cable (right hand)
pave a hetter overall lay 1o the fluat cable.  Toe
difference,  however, win nol great and could alno have
redulted trom othey tactorn, e.p., tooltng or  wubcable

tensioning. A final decision could be affected by
other factors such as axial loading in the coil.

Mandrel taping, applied with a taping head, was
doni: simultaneously with the cabling, but at the
entrance to the bore tube. Two interlocking layers of
tape were applied with each layer ser for a 10 to 15Z
overlap and the interlocking overlaps staggered by 50X.
Tr maintain the correct overlaps, frequent monitoring
and adjustment were required. Af - r taping, the
mandrel went through a set of rclleis, The only
imperfection noted wam sn occasional small wrirkle an A
bubble was rolled out, Fvaluation of the tape
integrity after cabling, shcwed it to be completely
antisfactory; there wns no cut through by strands from
compaction on the fl1 . face or on the edge. One
aignificent problem did occur as a result of a
deliberate iction. A joint was made in both tapes at
the same time and made overlapping rather than butt.
Thig, together with the fact that spiral overlaps were
on the leading cdge, caused the tape to catch anc -!vag
on the inside of the core pln. The tape finally broke
loose and bound up the mandrel [n the core pin.

After formatlon and compaction, the cable wans
overwrapped with non-adhesive pglass tape in two
Interlocking layers, each with a slight overlap and a

502 separation between tape cverlaps. The tane was
damaged at a number of points durtug the operatlon,
The shoe and the capstan have been mentioned. The
major damage to the wrap and pcssibly the strands
occurred at the take-up spool, which had nnt been
properly inntalled by the cnhling company. A met of
travelling rollers used to guide the cable onto the
take-up #pool or periodically improved and exacerbated
the problem. The result wan Inturmitient damnge Lo the
paper wrap over Lhe whole length of cable.

Denign  requirements of the 20 M) coll required a
cable twint piteh angle of 18 ¢ 27, Calculatfon of the
correct  plteh  angle baged upon dimenslonal parameters
gave 239 o 25"; however, thin i highly sensitive (o
small  varlatfonn {n certaln parameter valuen, Thiu
senritivity leads to uncertalnty fn the optimal  piteh
angle and the accoptable tolerance. Two ditferent
piteh lengthe were uked during the  cable  tanricat o,
Varlous constralutu prevented trviog more optionw. The
plteh longth wan f1ret ret Lo 67.1 ¢wmy, which  renulted
in o plteh angle of about 20,89 ().’),", clone to the
design eriteria. There were gaps  botween  wuleahlen
that  were not anlform and ranged up to ahouat 0040 tn,
Roughly 90 m of cabte were run,e The pltech length  wan
then net to 61,0 cm, which resulted (noa plich angle of
about 217 v 0.2°, The Rapn between  wubeanles  hevame
umaller  but Jdid not santnh. Overall appeerance of the
cable {mpraved, The lay of the sub ables aroaud  the
cable cldge now  whowed oo bundchiag. The overall
behavior (flow, apacing, Tay) ol the swubcablen ot 1he
forming polnt was lrproved,

No  attempt wasn made on the (iret prototype to sel

tennfons on the mubeabls payofl wpeola, On the  wecond

prototype  the teantonn were {nftially net to roughly

1% 1hn which appeared quite  low  bhecaune  of the
’ 1 {

lovuenenn  In the nubeablen arouwnd tha edpe of the core
pin. Naverthelesn, 1% m ot cable yore run with  no
sub able cromunvers, The  payolf aponl tensfous were
thea fncroaroa to attampt te tmprove the  loorenesA,
The amount  of the facrea.e could not be meaeured. At
the name 1ime the cabliog rate wan Increaned from abowt
T m/min to ahout 1.6 m/min. Subkequently, a wumber of
wubeable cromnovern ocenrred. Rodueing the  apred  and
then the tennfon back 1o thelr ovigiunl valwen reduced
but did not eliminate the probhlen,



The second prototype demonstrated satipsfactorily

moat aspects of producing a 50 kA cable. It did not
resolve all potential problems, nor did it demonstrate

that production level capability without constant
handes-« attentiorn nad be.n achtleved, Further
improv. ents and changes are rc¢ ‘nded.

The problem of torn overwr.
asguring proper alignment of the t.
the 1inner s8ides of the take-up s; s, and improving
the flexibility and control of 1t : guide rollers
betwecn the capatan and the take-up 8 1. The overlap
problem un the capstan can presumably I, corrected with
the nddition ¢ an idler wheel, A line r capstan would
be the best solution but would 1in »lve a major
modification to the existing equipment.

an be corrected by
-up system, lining

Two major problems still exist with reapect to the
tooling. Onr IR crossovers; the other 18 mandrel
Insulation binding in the core pin. Even with properly
made tape joints, the possibility of the tape hanging
up Iin the core pin exiats; and if it did, th~ result
would be catastrophlc and {rreversible. To eliminate

this pousibility, the mandrel taping must be done
Reparately {n a preliminary run, Thin would do two
things. First, {1f a hang-up occurred, it could be
corrected without the problem of cable damage. Second,

af ter vaping, sapooiling, and refeeding into the machine,

the mandrel would then have the tape overlap on  the
tralling edgoe.

Varlous posgsibilitles exiut an  nources of the
crosgover problems One Ia that there {a some minimum
clear{ng time for the subcanler to go around the edge
of the core pin.  If the cabling rate {n too fast, the
subcabler may not  clear and a  crossover rosules.
Another e that after a stop point, at startup, payolf

kpool tensloning may he nonuniform and (nf*fate n
crondover,  To bring he posuibility of  crossavers Lo
rern varlous  gteps should be taken.  Firat, the guide

plece and  roller ret~-up  sgheuld  be mounted on  the
nupport  tahle with nevew adjustments to allow eany
lateral, vertieal, and rotattonal movement. The large
torques from the subeablen on the eore pin caune major
altgament prohlemu,  Second, anoter umaller spider  or
oye gulde pluald be added and mounted between the
exipting aplder  and  the  cable forming  polat. The
clower  te the end of the core plo that the sabeablen
are locked into place, the more A tcult it tn tor
CTORROVRTH to uecur, Third, additfoun! prototype
cabling mukt e done 1o svaluate these changen ana  to
fdentity further the alloved tolevancen fn operat ing
parametern.,

A couple  of nontechnienl
developing a9 kA cable  shonld  bhe ment foned,  The
problemn  of  working on equipment  not npecifieally
denfgned  for the project at hand at o Facllity that In
only nominally Intrrent ed In the of{art are
comnlderable, Schedaling, avallabllity, peraonned,
cqulpment cloant inenn and relfabi iy, contn  are
all wegative tactorn In dotng development work of thin
type.  There In,  however, no alternative, only the
recopnftion of the  MMttfceelty and the ancertalnty of
the tmpact of the factorn,

facvorn pertinent (o

tmplteat lonr Tor Future Work

t oknmnkn
mapgnetn
Praduct ton
formfidable, The
lovel ol

Future
duetfng
more uf

large nealoe
polotdal  f1eld
Y0 kA cabte,
quant iy will  he
will be 1t geach
nigntf to.ntly roul Ine than
cont lnuoun mondtoring of  cantrol  parametoern
roquired to veduee the wicertalnty ol
attent fon now tequirel,

uttltzing
muy wequire
neale -up to
blggent
product fon

nupercon-
0 km or
that
challenge
capnhillty
Automnt od
will be
human convrol and

more Nijw .

The present cable design is the largest that could
be accommodated on the equipment now used. There may
te othe. facilities that could accommodate higher
current, iarger size cable designs. Tokamak designers,
however, need to be aware of these limitations.

Testing of Prototype Cable

made on the
subcable ualone,
cable. Rasults

subcable alone

Stability measurements were
strand, the six-around-one
subcable within the final
single strand and the
previously prelented.5

single
and the
for the
have been

Full cable measurements were made on a 3 turn test
coil (Fig. 4) at the Lawrence UWivermore Natlonal
Laboratory (LLNL) high fleld test facility. The test

coil was assembled with the 10 m superconducting
mection from the {irst prototype test cable. To
simulate the opera:ing environment of the 20 MJ colil,

the turn-to-turn inailation was provided by G-10 slats,
0.158 cm by 0.635 cm wide with a 0.318 cm spacing. For
support and installation, the apacers were made [n a
"railroad tie" configuration, glued to two "ral'road
track" stripa of filberglass ruving.

No 50 Lo 100 kA power supply war available at LLNL
to power the full -—-able. It was, therefore, necessary
to connect all the subcables (n serles by soldering
together adjacent pnairs at each end of the test coll.
The net result was a 650 m long test length of subcable
wound  bifilarly In the full cable conflguracion.
Current flowed fn all nubcables, but In alteraate
dircctions for adjacent aAubcables. This teat rethod
had the resulting advantage of elimlinaiing any
transformer couplling between the tear eofl and the
background coll and henee the Inherent  wafoty  and
protection controln that would have beon required.

Stability measurement 8
center curn o the Lent  coll,
hoeaters, 0.6% m wide hy
around numeroun subeables,

were periormsd  on the
Thin film resfstance
.1 em long  were wrapped

Voltage taps were placed on

the wix naperconduct Tug ntrandas  at  about 10 ¢m
fntervalu along the Rubecablen, The wtability
meanarement s were mitde by {nducing o normal zone {n the

nubcable  with the heater
nuhpequent growlh or decay.,
nuhcablen at different relat lve
full ecable. In Home Urentn
nubeablen were driven normal

and then manftorling  fia
Towtn wore done on varloun
locatfons within the
three or fonr adjacent
nimultanecunly. The

[ ‘,’.‘. "1 \')\

Fig. 4. Three turn for atabiliyy

Aeasuremeila,

tent



resultr vwere ‘ndependent of subcable location and
nymher ncrmalized. Figure 5 ghows the results of the
gubcable recovery current for these tests alonyg with
results for the subcable rtest alone in a completely
open environment. Recovery current is defined here as
the maximum current at which a normal zone, established
with the minimum heater power required, will recover.
Farlier measurements on 8ingle atrands had estatlished
a surface heut tranafer rate of approximately 0.5 W/cm?
at 5 T. Measurements on a s8ix-around-one gubcable
alone, assuming no change in heat transfer rate, gave a
reduction 1n recovery current commensurate with a 402

loss 1in ava.lable surface area for cooling wupon
cabling; nalightly more than the theoretical minimem
loss of 33X, The rasults of the subcable test in the
fuli cable configuration show no degradation of
recovery current compared to the single subcable
results. Because no change in heat transfer should
occur, the conclusfion 18 that the full cable

configuration results in no further reduction of
available coollng surface, Extrapolation of the
results to the full cable give ¢ cryostable limit of
65 kA, well ahove the criteria of 50 kA.

Qualificatlons to the results ahould be noted.
Only one or a few subcables were driven normal In these
teswts.  The 20 M) col) specification reyuired recovery
vrom a half turn of the full cable being driven normal.
Alno the test cofl had no top and bottom plate wupport
Htructure. The effect of these two factors on the
hubble dynamics and recovery current were to have been
evaluated 'n tests on  the actunl coll. The support
structure was felt to be nonsignificant.

3.0 T T T —T
e
[
2.t .
[ ]
« .
x [}
= )
- °
]
2.0 o ISOLATLCD QUBCADLE
® SUDCADBL'. WITHIN FUL' CABLE -

A 20 MJ DLGIGN OPLAATING POINT

[ -

LULmn--- - { |

4
BIT)

“beable tecovery curtent dn a0 tunctlon  of

Conclusions

Prototype 50 kA dummy and superconducting cabies
suitable for high, pulsed 11ield applications wvere
successfully fabricated, evaluated, and tesied. The

size of the cable presented unique problems; most were
resolved, others require Fturther development. It is
important to note that the uniquenesa of th- problems

would not allow their resolution by technology transfer
from other advanced programs such as METF and LCP. A
continuing, s&separate effort is required to resolve ihe
remaining problems and to reach the necessary level of
automation for large scale production,
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parameters are li ted in Table I.
under contract to Los Alamos to

IGC was subsequently
fabricate the cable,

Prototype cables for 7.5-T, pulaed field Details of the coil and cable design have been
application 1in rtokamak poloidal field cvils have been discussed elpewhere.] 12
designed, fabricated, and evaluated. Successful
fabricatlon of a 10 m superconducting sample represents The cryostable, 50 kA cable required for the coil

the lrrgest superconducting cable ever made. Details
of the tabrication, the problems expected and
encountered, and the solutions ro those problems are
discussed. Results of s&tability measurements on the

superconducting prototype also are presented.
Introductton

High current superconducting cables will be
required for the central solanold and equilibrium fleld
collg of ([uture tokamak reactors. Present designs
require currents ot at least 50 kA in fields as high as

is significantly larger than any superccnducting cable
designed or built tc this time. Two prototypc cables
were fabricated by IGC under contract to w.os Alamos.
The first prototype was 20 m long, 10 m of dummy copper
strands, and 10 m of cable with superconducting strands
(Fig. 1). The second prototype was about 120 m of
cabtle with copper strands, The 740 m of actual cable
for the 20 MI coll was not fabricated. The program was
cenceled prematurely due to changes in technical
priorities in fusion development.

cables f{or

Previous work on high current pulsed

8 T and in additfon, the ability to support current coll applications has been done. The firat 50 kA cable
changes  of up to 20 kA/s  without performance was built for Les Alaros by Magnetics Corporution of
degradation. A program to develop a cable to mect Amerlca at ew England Flcctric Wire. Ten meters of
these reqairements was establ_ahed at the Loa Alamor  guperconducting cable were fabricated as a very

Natlonal Laboratory as a part of a more comprehensive
program to dealgn, develop, and test a central solenoid
20 M), prototype cofl. The coll wis to have a  maximum

preliminary attempt to assess basic manufacturing
ahili*y and the severity of problems to b2 faced. The
~frort successafully supported the fundamental design of

fie'd of 7.5 T and be capable of a complete flald a flat enable of pubcables around a center strap,
reversal 19 2 4. Westinghouse (W) was under contract  Reaults of this work have been presented.? The
to  Los  Alamos to  deslgn and bulld the coll.  Japanese have designea two 50 kA cables as a part  of

Intermagnetics  General Corporatlon (1GC) wnH 0
sibcontractor to W during the denign phase and was
responaible for conductor and cable denign.  The dedlpn

TABLE 1

STRAND DESCRIVTION

thelr tokamak pololdal fleld program but have not yet
fabricatsl or teated any prototype 50 kA cables,”

The manufacturing experience and problems
angociated with butlding the cable are discusaed here,
The discunslon Jndleates che difficulty of the  Job to
be donna, the significant accomplighments achieved, and
the need for further development . Repultn ol
performance teata on the prototype cable are presented,

Rad [un 1,02 mm
CuNl:CusRhT I 0.7:% "l
Number of NBT Fllamentn 1156
Fiflamewt Dlameler 22,1 ym
SUBCARLE DESCRIPTION
Gonl fpnral tan 6 ntrandn arownd core
Sebheable Dlamet ey 0.677 ¢m
lteh Length Aol em
Core Stramd Material Copper-Nlckel
CABLE DESCRIPTION
Dimean oo 1.2 cm o~ 12,400 ¢
Numher ol Subcoulens o
Mandvel Marerial Ntt roale AD
Mandrel Dimenntonn 0,210 em « 11,164 cm
Cantamrulnt o)
Pieeh Angle "
Operatfng Current 0 kA
ORI YRR ILN SV IR A

)
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